A simultaneous Electroweak and QCD fit of electroweak parameters and parton distribution functions to HERA data on deep inelastic scattering is presented. The input data are neutral current and charged current inclusive cross sections measured by the H1 and ZEUS collaborations at the ep collider HERA. The polarisation of the electron beam was taken into account for the ZEUS and 
Introduction
Data on deep inelastic electron 1 -proton, ep, scattering (DIS) have been used in analyses within the framework of Quantum Chromo Dynamics (QCD) for many years [1] and have formed the basis of investigations of the structure of the proton. The data from the ep collider HERA extended the reach in the four-momentum-transfer squared, Q 2 , and in Bjorken x, x B j , by several orders of magnitude with respect to previous fixed-target experiments [2] . At HERA, values of Q 2 of up to 50 000 GeV 2 were reached, a regime where the contribution of Z exchange becomes comparable to the contribution from photon exchange.
During the HERA II running period, the HERA collider provided a significant amount of data with beams longitudinally polarised to an average level between 25 % and 35 %. This facilitates detailed studies of electroweak (EW) effects. Recently, the ZEUS collaboration published a combined QCD and electroweak analysis [3] exploiting the ZEUS neutral current (NC) and charged current (CC) e + p and e − p inclusive cross sections for polarised beams [4] [5] [6] [7] . For the analysis presented here, cross sections published by the H1 collaboration [8] for polarised beams were also considered. These data sets, together with data sets for unpolarised beams originally published by H1 [9] [10] [11] [12] [13] [14] [15] and ZEUS [16] [17] [18] [19] [20] [21] [22] [23] 2 , were used as input to a combined QCD and EW fit, HH-EW-Z. This fit was used to determine the couplings of the Z boson to u-and d-type quarks.
QCD and EW Combined Analysis
The analysis presented here follows closely the method described in detail in the ZEUS publication [3] . It uses the next-to-leading-order (NLO) DGLAP [25] [26] [27] [28] [29] formalism to describe the evolution of the parton distribution functions (PDFs) with Q 2 and the on-shell definition of sin 2 
, where sin 2 θ W is the electroweak mixing angle, and M W and M Z are the mass of the W and Z boson, respectively. The EW part of the analysis was performed at leading order with partial higher-order corrections in the on-shell scheme. The RT variable-number heavy-flavour scheme [30] [31] [32] was employed and the values of PDG14 [33] were used for all masses and couplings throughout the analysis, unless they were free parameters in a fit.
The PDFs of the proton were parameterised with 13 free parameters as
where x is the fraction of the proton momentum carried by the quark. All cross sections for unpolarised beams were used as originally published by H1 [9] [10] [11] [12] [13] [14] [15] and ZEUS [16] [17] [18] [19] [20] [21] [22] [23] . The H1 cross sections for polarised beams were also used as published by H1 [8] . The ZEUS cross sections for polarised beams [4] [5] [6] [7] were used as originally published, but with updated values of the polarisation as published in the ZEUS EW analysis [3] . In addition, for the present analysis, extra uncertainties were added to the uncorrelated systematic uncertainties on these ZEUS data. In their original publications the ZEUS collaboration did not consider systematic uncertainties on EW corrections, whereas the H1 collaboration included such uncertainties [8] . The uncertainties now added to the ZEUS data are equivalent to the uncertainties on the EW corrections included by H1.
The HH-EW-Z Fit and the Z Couplings
The PDFs of the HH-EW-Z fit are shown in Fig. 1 with experimental/fit, model and parameterisation uncertainties, determined according to the prescriptions of the HERAPDF2.0 analysis [24] . Also shown are the central values for the PDFs of HERAPDF2.0 NLO. The PDFs are very similar. The PDF parameters of HH-EW-Z are only weakly correlated to the Z couplings. The full correlation matrix for the 13 PDF parameters and the four Z couplings is given in Table 1 .
The χ 2 per degree of freedom for HH-EW-Z is 3556/3231=1.10. This can be compared to 1.12 for ZEUS-EW-Z [3] and 1.20 for HERAPDF2.0 NLO [24] . The description of the data is very good. The predictions of HH-EW-Z are compared to the high-precision e + p NC data from H1 [8] and ZEUS [5] These values are compared to the results from ZEUS-EW-Z [3] in Table 2 . They agree within uncertainties. Also listed are SM predictions and values obtained from fits which were performed as cross-checks:
• a fit with the PDFs fixed to those of a 13-parameter QCD-only fit, HH-13p;
• a fit with the PDFs fixed to those of HERAPDF2.0.
Only experimental/fit uncertainties were considered for these cross checks. The values agree within the experimental uncertainties with the result from HH-EW-Z.
Profile likelihood contours at 68 % C.L. for the couplings were obtained as described in the ZEUS publication [3] . They are shown 4 for a u , v u and a d , v d in Fig. 4 and for a u , a d and v u , v d in Fig. 5 . These figures demonstrate very clearly that the HERA data constrain the couplings of the Z boson to the u quark significantly better than the couplings to the d quark. This is due to the larger u valence content of the proton and the larger charge of the u quark. The couplings as determined by HH-EW-Z are compatible with the SM. Figure 6 shows the 68 % C.L. contours from HH-EW-Z, together with the contours from ZEUS-EW-Z [3] and the measurements from LEP+SLC [36] , the Tevatron [37, 38] and HERA I (H1) [39] . The fits HH-EW-Z and ZEUS-EW-Z are based both on HERA I and HERA II data and were not included in the combinations for PDG14 [33] . The PDG values and all measurements are compared in Fig. 7 . The HH-EW-Z results on the axial-vector and vector couplings to u-type quarks are the most precise results published from a single process. The vector couplings from HH-EW-Z are significantly more accurate than from ZEUS-EW-Z. This reflects the importance of the information on the polarisation of the beams for the vector couplings [3] . Thus, the inclusion of the H1 data for polarised beams is the reason for the improvement in these couplings.
The ZEUS collaboration also presented [3] A simultaneous fit to the 13 PDF parameters and both sin 2 θ W and M W also yielded results compatible with the results presented by ZEUS [3] . Since the sensitivity with respect to the ZEUS EW fits was not significantly increased, the detailed studies on sin 2 θ W and M W presented in the ZEUS paper were not repeated.
Summary and Conclusions
The results of a combined electroweak and QCD fit to all available HERA inclusive DIS cross sections, taking into account beam polarisation for both the H1 and ZEUS data, have been These results are compatible with the Standard Model. The exploitation of all available data for polarised beams provides very accurate determinations of the Z-boson couplings. The couplings to the u-type quarks are the most precise values published for a single process.
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